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(57) ABSTRACT

In an adder circuit, a sine wave 1s added to a compensation
signal which 1s generated based on a position detection signal
of a member to be driven and for compensating a position of
a lens which 1s the member to be driven. An absolute value
integrating circuit integrates absolute values of signals before
and after the adder circuit adds the sine wave. The two
obtained integrated values are compared by a comparator
circuit, and a gain adjusting circuit adjusts a gain of an ampli-
fier which amplifies the compensation signal so that the two
integrated values are equal to each other.

6 Claims, 2 Drawing Sheets
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LOOP GAIN ADJUSTING CIRCUIT

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority from Japanese

Patent Application No. 2010-127629 filed on Jun. 3, 2010.
The entire disclosure of Japanese Patent Application No.
2010-127629 filed on Jun. 3, 2010, imncluding specification,

claims, drawings, and abstract, 1s incorporated herein by ret-
erence 1n 1ts entirety.
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BACKGROUND OF INVENTION

1. Technical Field b

One or more embodiments of the present invention relate to
a loop gain adjusting circuit for a servo control 1 which a
position of a member to be driven 1s detected, and the member
to be driven 1s driven by an actuator such that the member to 5,

be driven 1s positioned at a target position.
2. Background Art
In control of various devices, a servo control 1s employed.
In particular, 1n position control of a member, a servo control
1s widely in use which applies feedback control so that a 25
detected position coincides with a target position.

In order to suitably execute such a servo control, loop gain
in a feedback loop must be at a suitable value. Therefore, the
loop gain must be adjusted. For the loop gain adjustment, a
process has been applied in which, for example, a sine wave 30
1s added to a signal transmission path of the loop, the feed-
back loop 1s activated by the sine wave, and the loop gain 1s
adjusted such that signals before and atfter the addition of the
sine wave are 1dentical. In other words, the signals before and
after the addition are extracted, amplitudes of these signals 35
are detected, and the loop gain 1s adjusted so that the ampli-
tudes are equal to each other.

During the time when the signal goes through one loop,
there may be cases where signal distortion occurs. In such a
case, 1t 1s difficult to accurately measure the amplitude. In 40
order to improve the precision of the amplitude measurement,

for example, 1t may be necessary to calculate an average of
measurement results of several periods.

SUMMARY OF INVENTION 45

According to one aspect of one or more embodiments of

the present invention, there 1s provided a loop gain adjusting,
circuit for a servo control 1n which a position of a member to
be driven 1s detected and the member to be driven 1s driven by 50
an actuator such that the member to be driven 1s positioned at
a target position, the loop gain adjusting circuit comprising a
sine wave adding unit which adds a sine wave to a compen-
sation signal which 1s for compensating the position of the
member to be driven and which 1s generated based on a 55
position detection signal of the member to be driven, and
obtains a signal which drives the actuator with the sine wave,
an absolute value integrating circuit which compares two
integrated values obtained by the absolute value integrating
circuit, and adjusts a gain of an amplifier which amplifies the 60
compensation signal such that the two integrated values are
equal to each other.

According to various aspects of one or more embodiments
of the present invention, with the use of the absolute value
integrated values, suitable comparison can be executed even 65
when the wavelorm of the compensation signal 1s distorted,
and the gain adjustment can more accurately executed.

2
BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a structure according to
one or more embodiments of the present invention; and

FIG. 2 1s a diagram for explaining an absolute value inte-
gration of the sine wave according to one or more embodi-
ments of the present invention.

DETAILED DESCRIPTION

One or more embodiments of the present invention waill
now be described with reference to the drawings. In embodi-
ments of the invention, numerous specific details are set forth
in order to provide a more thorough understanding of the
invention. However, 1t will be apparent to one with ordinary
skill 1n the art that the invention may be practiced without
these specific details. In other instances, well-known features
have not been described in detail to avoid obscuring the
invention.

FIG. 1 1s a diagram showing an overall structure of one or
more embodiments of the present invention. A loop gain
adjusting device 1s used for adjusting of a loop gain for shake
correction of a camera.

In the shake correction, shake 1s corrected by adjusting a
position of a lens 10, which 1s a member to be driven provided
in an optical system which forms an optical image on a light
receiving surface of an imaging element.

A Hall element 12 detects a magnetic field from a magnet
mounted on the lens 10, and outputs a position detection
signal corresponding to a position of the lens 10. The position
detection signal 1s converted into digital data by an A/D
converter circuit 14, and mput to a servo circuit 16.

In the servo circuit 16, an amount of movement of the
camera 1s supplied from the gyro sensor (not shown) 1s added,
an compensation data for moving the lens 10 to a target
position 1s calculated based on the position of the lens 10.
During the adjustment of the loop gain, no signal 1s sent from
the gyro sensor, and a difference between a position of an
origin of the lens 10 and the position detection signal 1s output
as the compensation data.

The obtained compensation data 1s amplified with a prede-
termined gain by the gain adjusting amplifier 18, and 1s sup-
plied to an adder circuit 20. A sine wave from a sine wave
generating circuit 22 1s supplied to the adder circuit 20. The
sine wave 1s set at a frequency which can be followed and
which 1s about 100 Hz, and at amplitude which can be fol-
lowed.

A signal after addition 1s converted into an analog signal by
a D/A converter 24, and supplied to a driver 26. The driver 26
generates a control signal for driving an actuator 28 based on
the signal supplied from D/A converter 24, and supplies the
generated control signal to the actuator 28.

The actuator 28 comprises a voice coil or a piezo element,
and drives the lens 10 according to the control signal from the
driver 26. A permanent magnet 1s mounted on the lens 10, and
the movement of the lens 10 1s detected by the Hall element
12.

A sine wave 1s supplied to the adder circuit 20. The actuator
28 drives the lens 10 according to the added sine wave, and the
movement of the driven lens 10 1s detected by the Hall ele-
ment 12. The servo circuit 16 generates compensation data to
move the lens 10 to the position of the origin.

In one or more embodiments of the present invention, the
signals before and after the adder circuit 20 are supplied to an
absolute value integrating circuit 30. The absolute value 1nte-
grating circuit 30 outputs data of areas of one period for the
two 1nput signals. In other words, the absolute value integrat-




US 8,482,239 B2

3

ing circuit 30 outputs a full-wave rectified value for each of
the two 1nput signals. The duration 1s not necessarily limited
to one period, may be greater than or equal to one period, or
less than one period. However, when the duration 1s too short,
suificient precision cannot be achieved, and when the dura-
tion 1s too long, the control period would be elongated. There-
fore, in one or more embodiments of the present invention,
one period may be selected. Alternatively, the duration may
be set to a few periods.

The values of the absolute value integrated values of the
signals before and after the adder circuit 20 are supplied to a
comparator circuit 34 where the signals are compared. In the
comparator circuit 34, a comparison 1s executed to determine
which of the integrated values, of the signal before addition
and the signal after the addition, 1s greater than the other.

A comparison result of the comparator circuit 34 i1s sup-
plied to a gain adjusting circuit 36. The gain adjusting circuit
36 changes the gain such that the values of the absolute value
integrated values of the signals before and after the adder
circuit 20 are equal to each other. That 1s, the gain adjusting
circuit 36 reduces the gain when the integrated value of the
signal before the adder circuit 20 1s greater and increases the
gain when the integrated value of the signal after the adder
circuit 20 1s greater.

For changing the gain in the gain adjusting amplifier 18, a
configuration may be considered 1n which the gain 1s sequen-
tially changed with a fixed value at each control step. In this
configuration, however, when the gain differs significantly
from the correct gain, a long time would be required for
controlling to a suitable value.

In consideration of this, 1n one or more embodiments of the
present invention, a consecutive comparison method or a
division method 1s employed. In the consecutive comparison
method, when the size of the signal at a point A 1s A and a size
of the signal at a point B 1s B, the sizes of A and B are
compared, and, according to the comparison result, the gain
value of the gain adjusting amplifier 18 1s adjusted by con-
secutively determining from the upper significant bit to the
lower significant bit. For example, when the gain value of the
gain adjusting amplifier 18 1s represented by a digital value of
16 bits, the gain value 1s set to 8000h (010000000000000),
and a sine wave 1s supplied. When A=B, the gain value when
the bit 15 1s set to “1” 1s greater than the target gain value.
Therefore, the bit 15 1s determined to be “0”, and the gain
value 1s changed to 4000h (0010000000000000), for adjust-
ment of lower significant bits. When A<B, the gain value
when the bit 15 1s set to “1” 1s lower than the target gain value.
Theretfore, the bit 15 1s determined to be “1”, and the gain
value 1s changed to cO00h (0110000000000000), for adjust-
ment of the lower significant bits. In other words, “1” 1s set for
the bit in the gain value to be examined, and a sine wave 1s
supplied. When A=B, this bit 1s determined to be “0”, and
when A<B, the bit 1s determined to be “1”. In the division
method the current gain 1s multiplied by a ration of the sig-
nals, A/B, to correct the gain. Alternatively, these three meth-
ods may be suitably combined. For example, a configuration
may be such that the consecutive comparison method or a
division method 1s employed when the difference between A
and B 1s great, and the addition/subtraction of a fixed value 1s
employed when the difference is less than or equal to a certain
value.

In this manner, in one or more embodiments of the present
invention, the absolute value integrated value 1s employed for
the measurement of the sizes of the signals of points A and B.
With this configuration, full wavetorm data of one period of
the sine wave can be used, and averaging of several periods of
the sine wave becomes no longer necessary, resulting in short-
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enming of the adjustment time. Depending on the type of the
actuator 28, the wavelorm after one loop may be distorted,
and the amplitude may not be detected with high precision.
With the absolute value integrated value, the influence of the
wavelorm distortion can be reduced even 1n such cases.

In one or more embodiments of the present invention, an
amplitude measurement circuit 32 1s also provided, and
amplitudes of several periods may also be measured. Accord-
ing to the characteristic of the actuator 28, 1t 1s possible to
select between the amplitude and the absolute value inte-
grated value. The switching may be executed 1n a manner
similar to the determined loop gain. That 1s, the switching,
may be executed by storing a signal of a nonvolatile memory
or like the reading this signal.

When the loop gain 1s determined in this manner, the set-
ting value 1s written to a nonvolatile memory or the like, and
the servo control 1s subsequently executed using the written
loop gain. In addition, 1t 1s possible to execute the setting
process of the loop gain as described above with an appropri-
ate frequency, such when the power supply 1s turned ON or
turned OFF. With this process, the change with respect to time
the servo control can also be handled.

While the invention has been described with respect to a
limited number of embodiments, those skilled in the art,
having the benefit of this disclosure, will appreciate that other
embodiments can be devised which do not depart from the
scope ol the invention as disclosed herein. Accordingly, the
scope of the invention should be limited only by the attached
claims.

What 1s claimed 1s:

1. A loop gain control circuit for servo control 1n which a
position of amember to be driven 1s detected and the member
to be driven 1s driven by an actuator such that the member to
be driven 1s positioned at a target position, the loop gain
adjusting circuit comprising:

a sine wave adding unit that adds a sine wave to a compen-

sation signal,

wherein the compensation signal compensates the posi-
tion of the member to be driven and 1s generated based
on a position detection signal of the member to be
driven, and

wherein the sine wave adding unit obtains a signal which
drives the actuator with the sine wave;

an absolute value integrating circuit that integrates an abso-

lute value of each signal before and after the sine wave
adding unit adds the sine wave; and

a gain adjusting circuit that compares two integrated values

obtained by the absolute value integrating circuit, and

adjusts a gain of an amplifier,

wherein the amplifier amplifies the compensation signal
such that the two 1ntegrated values are equal to each
other.

2. The loop gain adjusting circuit according to claim 1,

wherein the absolute value integrating circuit integrates the

absolute value for one period of each of the signals
betfore and after the sine wave 1s added.

3. The loop gain adjusting circuit according to claim 1,

wherein the gain adjusting circuit reduces the gain when

the signal before the sine wave that 1s added 1s greater,
and 1ncreases the gain when the signal after the sine
wave that 1s added 1s greater.

4. The loop gain adjusting circuit according to claim 3,

wherein the gain adjusting circuit changes the gain through

a consecutive comparison method.
5. The loop gain adjusting circuit according to claim 3,
wherein the gain adjusting circuit changes the gain through
a division method.
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6. The loop gain adjusting circuit according to claim 1,
turther comprising:

an amplitude measurement circuit that measures ampli-
tudes of the signals for several periods before and after
the sine wave adding unit adds the sine wave, 5

wherein the gain adjusting circuit executes the comparison
by selecting one of the absolute value integration values
from the absolute value integrating circuit and amplitude
values from the amplitude measurement circuit.

¥ ¥ # ¥ o 10



	Front Page
	Drawings
	Specification
	Claims

